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Preface

This book continues our series of ciliate monographs, several of which have been pub-
lished or are in preparation: class Colpodea (FOISSNER 1993); suborder Hypotrichia
(BERGER 1999, 2005; volume 3 in preparation); and order Oligotrichida (AGATHA, in
preparation). Furthermore, there are several thematic monographs available, viz., on the
ciliates used as bioindicators in water quality assessment (FOISSNER et al. 1991, 1992,
1994, 1995); on the ecology and taxonomy of limnetic plankton ciliates (FOISSNER et al.
1999); on soil ciliates from Namibia (FOISSNER et al. 2002); and on the generic names
of the ciliates (AESCHT 2001). Altogether, we described and revised over 1000 ciliate
species in these monographs, that is, circa one tenth of the species described, but only
one thirtieth of the diversity proposed (FOISSNER 1999b, ¢, 2004a). Certainly, this is far
from being complete, but our detailed revisions will be long-lived, and we are optimistic
to do some further monographs, even in a time where molecular biology overwhelms
most other biological disciplines.

The family Spathidiidae belongs to the subclass Haptoria, a group of rapacious,
"lower" holotrichs. The family comprises about 200 described species, most belonging
to the time-honoured genus Spathidium. Several colleagues doubted the validity of so
many Spathidium species (BUITKAMP 1977b, FINLAY et al. 1996, WENZEL 1955). How-
ever, our monograph shows not only the validity of most described species, but adds 50
new species discovered in over 500 samples from terrestrial biotopes worldwide. Thus,
the spathidiids are as diverse as proposed by KAHL (1930a, b) 75 years ago! Now, they
consist of over 250 species distributed in four families and 20 (!) genera, several of
which will be described in this monograph or were established rather recently. About
half of the species have been described or redescribed with modern methods, and thus
each needs an average of eight printed pages in the revision. Accordingly, the over 200
species will be not squeezed into a single, large volume with 1000 pages, but they are
split into two parts which form a harmonic unit, but can be used also independently.
Further, the split facilitates publication, which was considerably delayed because we
had to perform basic investigations on ontogenesis, conjugation and resting cysts as
well as to describe nearly 100 populations half of which represented new species.

Our monograph is also a first attempt to standardize ciliate species descriptions by
fixing and/or quantifying as many features as possible, for instance, the shapes of body
and extrusomes, distances, and other "abouts". Indeed, most ciliate descriptions are
inprecise using, for instance, different names for the same shape. Botanists recognized
the resulting problems very early and thus established descriptive baselines many years
ago (STEARN 1992).

We earnestly hope that our revision will be of use for a long time, not only to taxo-
nomists, but also to ecologists and molecular biologists who not yet recognized the
bioindicative capacity of protozoa (FOISSNER 1987a, 1997b) and the many interesting
species this group contains.

Salzburg, August 2005 Wilhelm Foissner
Kuidong Xu
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A General Section

As explained in the preface, the monograph has been split into two volumes. This ap-
plies also to the general section. In volume I, the general morphology, the life cycle, and
the principal investigation methods are described, while volume II will deal mainly with
ecology and geographic distribution, phylogeny, evolution, and classification. Further, it
will contain a user-friendly key to all species.

1 Morphology and Principal Terms

In this section, the principal morphology and terminology will be explained, using sim-
ple but well-defined figures. Indeed, this is a first step to the urgently needed general
methodology of ciliate descriptions. Partly, figures and terms were taken from STEARN
(1992), who reviewed the terms used in descriptive botany. There are still some uncer-
tainties, also in botanical terminology, which should be clarified in a more comprehen-
sive treatment of the matter.

For general ciliate terminology, we refer to the excellent compilations of CORLISS
(1979) and MARGULIS et al. (1993), while the general ciliate morphology is exhaus-
tively treated in CORLISS (1979) and PUYTORAC (1994).

1-1 Size and shape, morphometry (Fig. 1-3, 5)

The spathidiids range from about 60 X 10 pm to 400 X 50 pm in vivo. The volume of
one of the largest species, that is, Epispathidium securiforme is 35 times larger than that
of one of the smallest species, that is, Edaphospathula minor. This is a small range
when compared to those found in colpodids (200 000, FOISSNER 1993) and oxytrichid
stichotrichs (140, BERGER 1999). We have used seven categories of size (as reflected in
body length; arbitrarily if unrealistically set up with non-overlapping ranges) as follows:
very small, 10-30 pm; small, 30-60 pm; moderately small, 60—90 pm; medium sized,
90-150 pm; large, 150-300 pum; moderately large, 300500 pm; very large, > 500 pm.

According to the name, spathidiids should be spatula-shaped. Unfortunately, this
hardly applies (Fig. 1-3, 5)! Most are very narrowly to broadly bursiform with a more
or less slanted anterior end and a rounded posterior. Others are cylindroidal, vermiform,
clavate, axe-shaped etc. Thus, a huge variety of shapes exists, and the ratio of body
length to body width ranges from about 1:1 to 30:1. Most species are slightly to dis-
tinctly flattened laterally, some are even leaf-like. Many of the terrestrial species are
small and/or slender, as is typical for soil organisms in general (FOISSNER 1987a). How-
ever, those living in mosses and leaf litter may be large, for instance, the common
Epispathidium amphoriforme. The shape is stabilized by bundles of cortical micro-
tubules (WILLIAMS et al. 1981), but usually the cortex remains flexible and the shape
may thus strongly deform in over- or under-nourished cells. Theronts and trophonts
occur, but true polymorphism is lacking. Likewise, metaboly and pronounced contractil-
ity do not occur because myonemes are absent.

Invariably, the oral apparatus occupies the anterior body end, forming a more or less
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broadly spatulate spatulate narrowly verynar-  cylindroidal rod-shaped
(tw3:2) (kw2:1) spatulate rowly spafu- .., g.4_ and/ or
(w3:A-6:1) late(bw 454 vermiform
6:1-9:1) (w>12:1)

cordiform
Clavate rostrate
Oral bulge (CK) slope:

slightly oblique < 30°
oblique 30°-60°
strongly oblique > 60°

amphoriform knife-shaped

(blade > 1/3 of
Size (length) classification body length) axe-shaped
very small: 10-30 pm
small: 30-60 pm Transverse views

moderately small: 60—90 pm
medium sized: 90—150 pm
large: 150—300 pm © D
moderately large: 300500 pm
very large: > 500 ym circular elliptical flattened leaf-like

Fig. 1 Classification (terminology) of body shape in lateral and transverse view, size (length), and slope of
oral bulge in spathidiid ciliates. CK — circumoral kinety, 1:w — ratio of body length to width, OB - oral bulge.
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MORPHOLOGY 5

distinct bulge rarely extending to posterior body end (genus Rhinothrix). The bulge,
respectively, the anterior body end is more or less slanted. Thus, bulge length is a com-
posite of body width and bulge slope. We have used three categories of bulge slope as
follows: slightly oblique, < 30°; (ordinarily) oblique, 30-60°; strongly oblique, > 60°
(Fig. 1).

Detailed morphometrics are available from about 150 populations belonging to circa
100 species, mainly due to the investigations of FOISSNER (1984), FOISSNER et al.
(2002), and the present monograph. These data show that the mean coefficients of varia-
tion are very similar to those found in colpodids, stichotrichine hypotrichs, and other
kinetofragminophoran ciliates (BERGER 1999, FOISSNER 1984, 1993, FOISSNER et al.
2002). Accordingly and in the contrast to the widespread assumption (e.g., WENZEL
1955), spathidiids are as variable or stable as other ciliate groups. The impression of a
special variability of the spathidiids is caused by observations of a few species in pure
cultures, where variability is indeed high — not only in spathidiids but also in most other
ciliates. Malformed specimens can survive and sometimes even reproduce in pure cul-
tures due to the optimal food supply, while they usually die in nature. The number of
ciliary rows usually varies only slightly, that is, between 5-10% and is thus one of the
most important features for species recognition. Most other characteristics vary between
10% and 20%, while body length:width ratio and the number of macronucleus nodules
in multinucleate species have high coefficients of variation between 20 and 40%. The
morphometric data give important information about the stability of features and their
significance for species recognition. Thus, all descriptions should be accompanied by
morphometrics of at least the main features.

1-2 Nuclear apparatus (Fig. 4)

Spathidiids have a single macronucleus and micronucleus or many macronucleus nod-
ules and several micronuclei. The shape of the macronucleus ranges from globular to a
long, tortuous strand, which may be band-like flattened, a curious feature described only
recently (FOISSNER et al. 2002). The micronuclei may be globular, ellipsoidal, lenticu-
lar, narrowly ovate, or bluntly fusiform. Altogether, we have distinguished 16 macronu-
clear and 10 micronuclear configurations (Fig. 4). This high diversity makes the nuclear
apparatus to one of the most important features for species recognition. The patterns are
as stable or as variable as those of other ciliates and are sometimes obscured by post-
divisional, post-conjugational, or ontogenetic reorganization processes (MOORE 1924a,
b, XU & FOISSNER 2004). When in doubt, look at very early dividers which invaria-
bly show the “real” nucleus pattern. So far, chromatin extrusion has not been de-
scribed.

The macronucleus contains globular, oblong, or irregular dense masses about 1-5
pm in size. Usually, they are recognizable in vivo and impregnate deeply with protar-
gol. There is some indication that these inclusions represent nucleoli: (i) the central
mass of the macronucleus of Colpoda steinii and Dileptus sp. deeply impregnates with
protargol and represents a compound nucleolus, according to cytochemical and elec-
tronmicroscopical investigations (FOISSNER 1993, RAIKOV 1982); (ii) chromatin bodies
are usually smaller than 1 pm and numerous, while nucleoli are often larger than 1 pm
and comparatively rare (RAIKOV 1982). These two features apply to the macronuclear
structures impregnating with various protargol methods. Thus, we designate these
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Fig. 4 Shapes of macronucleus and micronucleus in spathidiid ciliates. Nucleoli shown only in the reniform
type. MA — macronucleus, MI — micronucleus.



MORPHOLOGY 7

structures as "nucleoli", being aware that this needs confirmation by cytochemical in-
vestigations. See BOHATIER et al. (1978) for a brief electronmicroscopical description of
the nuclear apparatus of Epispathidium amphoriforme.

1-3 Contractile vacuole and cytopyge (Fig. 5)

Most spathidiids have a single contractile vacuole in posterior body end; few have a
second contractile vacuole with distinct excretory pores underneath the dorsal brush,
that is, above mid-body, for instance Arcuospathidium bulli; and some have several
contractile vacuoles, each with their own excretory pores, in a dorsal and/or ventral row
(Fig. 5). The bivacuolate pattern evolved independently in Spathidium and Arcuo-
spathidium, while the multivacuolate pattern is diagnostic of the genus Supraspathidium
(FOISSNER 2003c). Usually, the vacuole is a simple blister surrounded by smaller col-
lecting vesicles during the diastole. Some species of doubtful classification have a more
or less conspicuous collecting canal which supplies the main vacuole, for instance,
Spathidium latissimum and Supraspathidium teres (Vol. II).

The fluid collected by the contractile vacuole is expelled via one or several ordinary
excretory pores. Usually, the pores are scattered in the posterior pole area, sometimes
they are slightly subterminal on the ventral or dorsal side, and in a few tailed species
they are far subterminal, for instance, in Spathidium apospathidiforme and Apo-
spathidium atypicum (Vol. II).

The cytopyge is known in only few species, where it is in the posterior area, that is,
near the excretory pores of the contractile vacuole. In some species, for instance, Rhi-
notrix porculus, the fecal mass traverses the contractile vacuole when it is expelled.

1-4 Extrusomes (Fig. 5-7)

Shape, size, and arrangement of the extrusomes are highly diverse and are thus a main
diagnostic feature of the individual species (Fig. 5-7). This was already emphasized by
KAHL (1930a, b). Accordingly, the extrusomes must be carefully studied in vivo be-
cause they often become distorted in silver preparations or do not impregnate at all.
Indeed, the extrusome features are so important that species cannot be recognized with-
out this information.

Most or even all spathidiids are predators. Thus, they have toxicysts, except of some
curious species which lack toxicysts at all. About one third of the species has two shape
and/or size types of toxicysts, and some even have three kinds, for instance, Rhinothrix
porculus. Further, (likely) all spathidiids have at least one kind of mucocysts, appearing
as “cortical granules”(Fig. 7).

The toxicysts are studded in the oral bulge and scattered in the cytoplasm; addition-
ally, they may be attached to the somatic cortex. For determining the shape, size, and
arrangement of the toxicysts only fully developed (mature) toxicysts may be used, that
is, those which are anchored to the oral bulge or somatic cortex (Fig. 5, 6); cytoplasmic
toxicysts are frequently not fully developed. This is evident, inter alia, from their im-
pregnation capacity: anchored toxicysts usually do not impregnate with protargol, while
various cytoplasmic developmental stages often impregnate rather deeply.

Shape and arrangement of the mucocysts are much less diverse, at least in the light



